12 United States Patent

Tsai et al.

US009100949B2

US 9,100,949 B2
*Aug. 4, 2015

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(63)

(60)

(1)

(52)

(58)

INTERLACING WIRELLESS
COMMUNICATION FRAMES

Applicant: Telefonaktiebolaget . M Ericsson
(publ), Stockholm (SE)

Inventors: Shiau-He Shawn Tsai, San Diego, CA
(US); Per Ernstrom, Stockholm (SE)

Assignee: Telefonaktiebolaget L. M Ericsson
(publ), Stockholm (SE)

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 0 days.

This patent 1s subject to a terminal dis-
claimer.

Appl. No.: 13/933,979

Filed: Jul. 2, 2013
Prior Publication Data
US 2013/0294411 Al Nov. 7, 2013

Related U.S. Application Data

Continuation of application No. 12/268,692, filed on
Nov. 11, 2008, now Pat. No. 8,477,697,

Provisional application No. 60/992,849, filed on Dec.
6, 2007.

Int. CL.

HO4W 72/04 (2009.01)

HO4B 7/26 (2006.01)

U.S. CL

CPC ............. HO4W 72/04 (2013.01); HO4B 7/2656

(2013.01); HO4W 72/048 (2013.01)

Field of Classification Search
CPC e, HO4L, 27/2602; HO4L 5/0048

USPC e 370/331
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

2008/0107047 Al1l* 5/2008 Olfat .........oooovvvivieniinnnnn, 370/280
2008/0285473 Al* 11/2008 Chenetal. .................... 370/252
(Continued)

FOREIGN PATENT DOCUMENTS

EP 2019 528 A2 1/2009
WO 2008/049028 Al 4/2008
(Continued)
OTHER PUBLICATIONS

Roger Marks et al., “802.16m Frame Structure to Enable Legacy

Support, Technology Evolution, and Reduced Latency”, IEEE 802.
16 Broadband Wireless Access Working Group, IEEE C802.16m-07/
263, Nov. 7, 2007, (7 pages).

(Continued)

Primary Ikxaminer — Fan Ng

Assistant fxaminer — Aung Qo
(74) Attorney, Agent, or Firm — Baker Botts, LLP

(57) ABSTRACT

Mechanisms to interlace multiple legacy frames to enhance
radio resource utilization are described. Also described are
mechanisms to modily a low-latency frame structure to
appear as legacy frames. In one aspect, partially blanked-out
legacy frames are interlaced with time offsets so that they
complement each other to leave no 1dle system time. To a
legacy user equipment, the interlaced frame appears as nor-

mal legacy frames used by multiple legacy cells. In another
aspect, the low-latency frame 1s modified to appear as an
interlaced frame. Again to the legacy user equipment, the
low-latency frame appears as legacy frames from multiple
legacy cells. To the low-latency user equipment, the modified
low-latency frame still appear as normal low-latency frame.

In this manner, radio resources of the legacy base stations are
optimally utilized. Also, low-latency base stations are
enabled to provide serves to the legacy user equipments with-
out wasting radio resources.

18 Claims, 14 Drawing Sheets

E&il [.thj Dl-2 UL-2 DL-1 -1 53!!!_;2 Ui-2
L NN T TN TN TN N A
=
A o
29 Wop ] 1] W ¢ T T L] ) W " W o it 0
Gh|lat Q O |[ga O O 2L O O |lgx Q Q
EL[EL) - & - E% o s SL| =& — DL g ™
<H |22 43 43 = = 2= 43 43 (22D 4D 43
2ol B3 20 1 &l B8O S50 [ {fn| DG >0 (el 20 20
241920 8 || 0 ||E2] @ || B ||¥2| 9| g ||EE| g | @
O« o < i A T T Q< oY v < x e
. FROMm-1 |

———a
e T h
-

x J
n }u’.." L
- ;
O | < t) 3 e 0 0 < 0 o m ) )
= W LL LL) W W L ¢ 1l w 0 L ¥
olak| o o |[19g] © o ||Yal ¢ o |lual & 0
| @ < oy |{iod| o 4¢ |[@g| <& ny (@] o < ¥
(5 EE i - 2 EE - wd = EE a0 - = = = 33 a0
Wy [ <O oo me 40 e >0 ﬁg oo mRe <0 OO0 20
“0ixZ i 0 |EZ 0 Q| |82 (0 0 |iZ2 0 T
<ia v r ||a ¥ x [|£<] = r {2 = v
L. AN )\ AN /A AN JOA
e e Y Y ~ "
DL A(n} UL B{m-1} DL B{m) Ul A(n) DL A(n+1) Ut B(m) DL B{m+1} UL A(n+1)
FRAME n CF TYPE A FRAME n+1 OF TYPE A
+* Lot ! »>
FRAME m-1 s FRAME m OF TYPE B FRAME m+1
QF TYPEB OF TYPEB




US 9,100,949 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

2009/0016371 Al* 1/2009 Zhengetal. .................. 370/431
2009/0067377 Al* 3/2009 Talukdaretal. .............. 370/329
2009/0147742 Al 6/2009 Tsai et al.

FOREIGN PATENT DOCUMENTS

WO 2008/094015 Al 8/2008
WO 2008/111807 A2 9/2008
OTHER PUBLICATTONS

Zexian L1 et al., “TDD frame structure for 802.16m”, IEEE 802.16
Broadband Wireless Access Working Group, IEEE C802.16m-07/
215, Nov. 7, 2007, (4 pages).

Kiran Thakare et al., “An Evolved Frame Structure for IEEE 802.
16m”, IEEE 802.16 Broadband Wireless Access Working Group,
IEEE C802.16m-07_235, Nov. 7, 2007, (5 pages).

International Search Report dated May 13, 2009 (5 pages).

IEEE C802.16m-08/095r1, “An Evolved Frame Structure and the use
of fractional OFDMA symbols”, IEEE 802.16 Broadband Wireless
Access Working Group, Nov. 7, 2007

Australian Office Action dated Nov. 23, 2012 in Australian Patent
Application No. 2008331979 (3 pages total).

Chinese Notice of Allowance with English translation dated Dec. 5,
2012 in Chinese Patent Application No. 200880119238.9 (4 pages
total).

* cited by examiner



L Old

1IY TBUOTIUSAUOD

US 9,100,949 B2

- . r »-
SWG ML ONHLS ANYHAS w.@_‘,mow AV
-t O 11
- <> <«
= — I ——
- p# 1S8Ng 1N w
@ o# 1S¥Ng 10
=
- | _ clsdngia| _|
1 B ¢4 1S¥ng N o BRIk
T u
. | ] - e
= E - 172
& = Z#1S9Ng 1N % =] |Z
< T —~ Vi 1S4H08 14 C T
| H e |
o _ . O Z 0 |
= ot L# 1SdNd 'in e ™ O |
-« T | g — T H
O - . o 1SHNY 1d o 1O
T TINNYHOENS ONIONVY o = | T
< <
th 1d

U.S. Patent

~ STINNVHOANS

“«



US 9,100,949 B2

Sheet 2 of 14

Aug. 4, 2015

U.S. Patent

10

HOA

dYIN

¢ 9id
1IY TRUOTIUSAUOD
< _ - >
SWG IYNLONYLS INVHA WYL 208 AONILVTMOT
-« >4 _ '
Z ANVEININ L INVES-ININ
¢cold ¢oOll L-O1d b-o11
_AIV <3 <> <
veH Slo R olo
- 1S¥Ng N ailn 1s4ng 1N Lt
22| _ 2|2
Y 1s¥ng 1N of BeCt RN Rt Rl IR 1S¥Nng N MU RS T
A ~ | - A 9. AJ - l_ ' A
m wlwl clSlSm wlxl cleiSIm
= — 3 NI 1R P ol m| BTl E
5 R 149 @ A4%:: 22 |
- 1s¥ng N ol #l= |k 1S¥Ng 1N ol |
) Sl B N N
1s4Ng N TS 1SHng 1N >S5 1S
—— 8 i U vy Bl
ONIONVY | |~ ONIONYH - |~

STANNYHOENS



US 9,100,949 B2

Sheet 3 of 14

Aug. 4, 2015

U.S. Patent

_LOW LATENCY FRAME

| S30dN0SHY
1sdNd 1N

SI0UNOS3Y |

15a0d 1d

SdVIN ANV
J 1dNVddd

S40401054
15dNd 1N

| 3308N0S3Y
1S¥Ng 1a

SAVIN NV
4 19NV ddd

UL-2

DL-2

UL-1

DL

L2} t ] Hr. A iU At sy .

_LEGACY FRAME

v

S40d4N05dY
1S40d 1N

| SIOUNOSIY |

1S&N4 130

SdaViN (INV
4 18NVddd

|

m

;
|

J

L

-
-

F1G. 3



US 9,100,949 B2

Sheet 4 of 14

Aug. 4, 2015

U.S. Patent

T i

S39¥NOSTY |
21N

S40dN0S3d
¢- 10

SdViN ANV
4 1dNVHdd

LOW LATENCY FRAME

)

S404N0S3d
110N

SdVIN ANY
4 1dINV3dd

NOLLYLS JSYg
ADNILYT MOT

UL-1

DL-1

|EGACY FRAME

S404M0s54d
10N

BLANK PERIOD

|

S304010S3d |
1d

SdVIN ANY
4 1diNVddd \

NOILVLS d5V4
AOVOI ]

' S30HNOS I
1N

STYNIWYIL |
HIHLO WO4 |
SIUNOSTY |

1N

STYNINYIL

H3IHLO MO

SIOYNOSTY
1a

$30dM0Sdd
- 1d

SdViN ANY
J1aNVIdd

1VYNINEAL
AJVOT]

DL

F1G. 4



US 9,100,949 B2

Sheet 5 of 14

Aug. 4, 2015

U.S. Patent

LOW LATENCY FRAME

- i

Lol e aides ol b bl e

Al ke P e L A U e g ek

- 530dN05dd
¢ i

e

- ..-..t- Ilt.-.
RS
"oy e

- .._.rr

oty

o _ L ..f.,..f...._,..n

L S T Y N m e al " .f.... - e
.

L e e e e ..H/,.f;: "N,
L

-

. . - ’ : ...,. o . " o = i ..-...u . .||r
ot e S e - oz -, ...,.... - .;..... ..._,... L -...... .;...-..;..f. .;,...,.f...... .........,././I‘....
. - _ . - .f.. : .o
Mt R R T R R R N R R N
. ....-... . ..,..-.... N .:._. |.__-.r... .._,_... ........._..r.,r....... ...... J_..r .r_r......... \ .,r.r_ru .f..... ..,...,.../.N;/.:.. 1_....”/1
T T i T

- ALY - n

SAdVIAL NV

= IV ddd

NOILVLS 45V
AONLIYT MO

UL-2

DL-2

UL.-1

DL-1

i
-,

DL

| S30¥NOSIY
N |

STVYNINGSL

d-4H10 04
SH3dNOSHS

1N

STYNINYTL

YIHLO YO

| S3OUNOSIY
1

oy

S4041054d
14

—

SdVIN NV
= [dINVddd

TVNINGDL
ADVOT ]

ey ] = B

UL

PR T T

Pa—

R
Ay iy

DL

Llaala

iy

FIG. 5



U.S. Patent

UL-2

S3OYNOSTIY |
Z2- 1N

SH0dN0SH
¢-1d

DL-2

S40dNOSHy
e

DL-1

UL-2

SdVIN ANV
S 14NV d

( S30ENOSAY |

L= 10

SdVIN ANV
4 1dINVddd

NOILVLS 345Vd

AONZALYT MO

FROM m-1

—— e e e
TS e e i -
———— iy
il Ny e

FROM n-1

Aug. 4, 2015

1O n+2

Sheet 6 of 14

SADHNOSHds
\vA A

= ] T

Sd0dN0SHd
g 1d

SAdVIN ANY
8 3 T18NVYIdd

 a
&

r

N -

SJd0dHNOSId
din

* - —

SH40dN0OSdd
Vv 1d

SdVIN AONY
vV 3 18Nvddd

S30HNOSdA
v 1N

| saounosay
" g 10

S SdVYIN ONY
RERtVEISHE

g )

S30dN0SHd |

v 1d

SdVIN NV

NOILYLS ASVYE
ADVYOTT

DL A(n+1)

-

—

| B
STOUNOSIN

vV 2TdNVddd /

)

US 9,100,949 B2

UL B(m-1) DL B(m) UL A(n) ULB(m)  DLB(m+1)  ULA(n+1)
FRAME n OF TYPE A FRAME n+1 OF TYPE A

DL A(n)

il

FRAME m+1

FRAME m OF TYPE B

FRAME m-1

OF TYPEB

OF TYPE B

FIG. 6



U.S. Patent

Aug. 4, 2015

Sd‘v’l/\l CINV

NOLL\:/_LS 15Vvg
AV

vV TUYNINGI L
INOAAOE

SAVIN ONY
\ awawwad y v 319NVYIHd /

Sheet 7 of 14

UL A(n+1)

< R
£ | $30MNOS3A
< v N
)
- | s304N0S3aY
= N
Nl | @ | STYNIAYEL
H‘EL SdYIN AONY _5 WVa H3HLO
EELULERE] j
S30UN0STY | | & | VPSS A
,r" & 1N = | STVYNIWYIL
‘;‘j lr\jn HHH.LO
) aanth
| S30YNOS3IY = | S304NOSIY
- e w3 v 1a
/ - | ><:1:
N\ SdVWANY | | B | SdYWONY |
| v 319NVINd | / RENCINERERY,

| s30WN0osS3d | | F | s3ounosay A
v N - v N
E —
%a l\ | !
| _ | s304¥n0sS3y
L{x" é 10N .
f >f - STVNIWYEL
N dew C]Nv [ nVu HHH.LO
CERCINERERD )
ownosau | | £ | 930un0sa ’\
a 1N =
* = STVNIWHIL | |
Vo ¥AHLO
\ | T
| S308NOS3Y _ | s309N0STY |
v 1d >-’£~ v 1d
< !
—
{3

US 9,100,949 B2

§30MNOSI

. 10
SEVNISEN
.8, ¥IHLO

SH0HNOSHY |
g 10

. SdVYIN NV
 JTHNY ddd

N

SJdOHNOSHE

g 1N l

x \ £
j SIOHUNOSIY | >3
A n -
STYNINYI L
S WIHLO

J

SIOHNOSTIY \
e

STVNING L
Hii Ha H_LO

FIG. 7

UL A(n)
DL B(m)

SH40dN054dd >
d 10

SdYIN ANy | |
a9 79NV IS /

SA0dN0OGdd
g 10

SH0dNOS3d
10
STVYNIWHHL
oy AFHLO

DL A(n)

FRTRTRREE

d 1IVNINdJdL
INOAAD L




U.S. Patent Aug. 4, 2015 Sheet 8 of 14 US 9,100,949 B2

T " i

| S304NOS3Y

S30UNOSIY 10

A A -0
‘ STVNIWGG 1
8. 93RL0

UL A(n+1)
\'\'/"'
DL B(m+1)

STYNIWgS L
W HdHLO

SAYIN ANV
g 318WVY3Nd /

I

S30dN0OSSd

SI0UNOSIY
b g 1N
STVYNINYT L N
WV d3HLO o =
7 t €
SIOUNOSIY >§ SIOHNOSIY -
v 10 0 N
_ STIYNINEIL |
SAdVIN ONY Gy ddH10

NERCLVERERY;

SIOHNOSIY

7
FIG. 8A

| S30UNOSIY | | T | s30HNOSHY 1
& el = v N STYNINYTL
51 W8, HIHLO

UL A{n)

~
DL B(m)

SIOHNOSIY

| S30YNOSIN SIOHNOSTY | S30UNOS3AY |
Z-10 N N | d 1d |
| > = | STYNINYIL
;% ¢ I18AVIN | _ EEACINELS V.
/ “\

| \\/ | SAOUNOSIA |\~ | e - | 8$304dN0OS3Y A
| all 2 | g vNINYIL g1n N
51 f‘f | H‘v*l HEHLO — T o T?
Pl ] S30HNOSEY STOHNOSTH 4 | SFOUNOSI g
Pl A - v 10 0N =
A . . >5 , z SIVNINYIL
| ; SAYIN ONY SAVIN ANV .8, ¥3IHLO
| | EICUNELCRY NELCMECERY. :___ Y,
NOILVLS 3sve v TVYNINYTL g TYNINS3L

AONZLYT-AMO] INOAAD N AOVO ]



U.S. Patent Aug. 4, 2015 Sheet 9 of 14 US 9,100,949 B2

LOW-LATENCY
BASE STATION

PREAMBLE 1

AND MAPS [\

P L\

{’/ [," | DL'—1 ;

;/ ' | RESOURCES /
| ..r'; '

UL-1
RESOURCES

DL-2 A
| RESOURCES | ]

FIG. 8B

PREAMBLE 1 |
AND MAPS

DL-1 |
RESOURCES

UlL-1
RESOURCES

DL-2 ,
| RESOURCES

UL-2 Yy v

RESOURCES [«




U.S. Patent Aug. 4, 2015 Sheet 10 of 14 US 9,100,949 B2

920

BS 910

{ = ! FI1G. 9

920



U.S. Patent

Aug. 4, 2015 Sheet 11 of 14 US 9,100,949 B2
910
BASE STATION
1010 1020
| PROCESSING | MONITORING |
UNIT : UNIT

1040 1030

SCHEDULING | COMMUNICATION |

UNIT UNIT '

F1G.

10



U.S. Patent Aug. 4, 2015 Sheet 12 of 14 US 9,100,949 B2

V1100

A1110

ALLOCATE RADIO
RESOURCES IN

FRAMES OF PLURAL
FRAME TYPES

A1120

FORM INTERLACED
FRAME

A1130

COMMUNICATE WITH
UES

F1G. 11



U.S. Patent Aug. 4, 2015 Sheet 13 of 14 US 9,100,949 B2

A1110

A1210

UE IN MACRO
DIVERSITY?

A1220

ALLOCATE DIVERSITY |
RESOURCES FOR UE |

FiG. 12



U.S. Patent

Aug. 4, 2015 Sheet 14 of 14

A1310

BALANCE LOAD?

A1320

HANDOFF UES FROM
\ ONE FRAME OF ONE
FRAME TYPE TO
FRAMES OF ANOTHER

FRAME TYPE

FIG. 13

A1120

US 9,100,949 B2



US 9,100,949 B2

1

INTERLACING WIRELESS
COMMUNICATION FRAMES

CROSS REFERENC,

L1l

This application 1s a Continuation of U.S. application Ser.

No. 12/268,692 filed Nov. 11, 2008 which claims the benefit
of U.S. provisional patent application 60/992,849, filed Dec.

6, 2007, entitled “Interlacing Shortened 802.16M Subirames
As Legacy 802.16 Frames”, the entire content of which 1s
incorporated by reference herein 1n 1ts entirety.

TECHNICAL FIELD

The disclosed technology relates to interlacing wireless
communication frames for use in communications between
user equipments and base station 1n a wireless network.

BACKGROUND

In ex1sting communication systems (legacy systems) such
as an 802.16¢ system, a communication frame has a specified
duration such as 5 ms. In the case of a system based on time
division duplexing (TDD), the legacy communication frame
(or simply “legacy frame”) 1s structured to be divided 1n time
into a DL (downlink) portion and a UL (uplink) as illustrated
in FIG. 1. In the legacy frame, guard periods TTG and RTG
between the DL and UL portions serve as transition gaps to
allow a user equipment of the wireless network to transition
between receiving/transmitting signals (data and control)
from/to a base station.

The structure of the legacy frame starts with a preamble
which serves as a synchromzation point for the communica-
tion between the base station and the user equipment. Also in
the preamble, a cell identity 1s provided. That 1s, the cell
identity within the preamble associates the legacy frame to a
base station and sector.

The preamble 1s followed by a DL-MAP which identifies a
receiving schedule for the user equipments being served by
the base station. For a particular user equipment, the DL-
MAP specifies which of the downlink resources, 1.e., DL
bursts, has been scheduled for the user equipment. The legacy
frame structure also includes a UL-MAP which specifies a
sending schedule for the user equipment. That 1s, the UL-
MAP specifies which of the UL bursts has been scheduled so
that the user equipment can send signals to the base station.
The UL-MAP 1s typically provided to the user equipments 1n
the downlink resource DL burst #1.

During operation, when the frame adhering to the legacy
frame structure 1s received, the user equipment 1dentifies the
particular downlink and uplink resources scheduled for 1t and
uses the i1dentified resources and i1gnores the remaining
resources of the frame. For example, i1 the DL-MAP 1indicates
that DL burst #2 and UL burst #3 are scheduled for the user
equipment, then the user equipment will listen for messages
from the base station on the DL burst #2 and send messages on
the UL burst #3. All other DL bursts and UL bursts are 1ignored
by the user equipment.

While the duration of the legacy frame 1s fixed to 5 ms, the
ratio ol DL/UL portions 1s configurable. In FIG. 1, this means
that the position of the guard perlod TTG 15 not ﬁxed within
the legacy frame. If the TTG 1s moved to the right, then a
greater portion of the legacy frame i1s devoted to downlink
transmissions, 1.¢., from the base station to the user equip-
ments. The system 1s typically configured in this way 11 the
DL traffic 1s expected to be larger than the UL traific. Con-
versely, if the T'TG 1s moved to the left, then a greater portion
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2

of the legacy frame 1s devoted to uplink transmissions. In
principle the DL:UL asymmetry can be changed dynami-
cally, but 1n practice the system 1s typically configured with a
fixed DL:UL asymmetry which 1s the same 1n all cells, to
avold interference problems.

It 1s desirable to reduce latency both for data and control
signaling. Reduced latency 1s important in 1t’s own right for
services that are sensitive to latency. Reduced latency, e.g., for
reporting of channel measurements, can also improve system

capacity and user throughput. One way to reduce the latency
1s to introduce shorter mini-irames mside the structure of the
legacy frame as illustrated in FIG. 2. In this figure, a structure
of alow-latency 802.16m frame 1s 1llustrated. The duration of
the low-latency frame 1s the same as the legacy frame, 1.€., 5
ms. However, within the low-latency frame, there are two
mini-frames. As an example, each mini-frame of the low-
latency frame structure can have equal duration of 2.5 ms. The
first mini-frame contains a downlink portion DL-1 followed
by an uplink portion UL-1. Similarly, the second mini-frame
contains a downlink portion DL-2 followed by an uplink
portion UL-2. Thus, in FIG. 2, the sequence of the portions
within the structure of the low-latency frame 1s DL-1, UL-1,
DL-2, and finally UL-2.

At least two problems are 1dentified. First 1s the problem of
a coexistence of the low-latency system with the legacy sys-
tem. In FIG. 3, simplified views of the structures of the low-
latency and the legacy frames are illustrated. As seen, the
UL-1 portion of the low-latency frame overlaps with a part of
the DL portion of the legacy frame. Similarly, the DIL-2 por-
tion of the low-latency frame overlaps with a part of the UL
portion o the legacy frame. This means that 1f the low-latency
base station 1s geographically co-located or located adjacent
to the legacy base station, there can be simultaneous uplink
and downlink transmissions. This can cause unwanted nter-
ferences.

One way to mitigate this interference problem 1s to simply
reconfigure the legacy base station to introduce a blank period
in the structure of the legacy frame to prevent simultaneous
DL and UL transmissions. As 1llustrated in FI1G. 4, the legacy
base station can be designed to send legacy frames with blank
periods that comcide with the UL-1 and DL-2 portions of the
low-latency frames sent by the low-latency base station. Dur-
ing the blank period, neither the DL nor the UL resources are
allocated by the legacy base station.

To the legacy user equipment (or terminal), since no
resources are scheduled for itself in the blank period, the
blank period appears merely as a part of the DL portion and
UL portion that are scheduled for other user equipments, and
thus are 1gnored. While the blank period prevents interier-
ences, 1t does so at the cost of wasting valuable radio
resources from being used 1n the legacy system.

The second problem 1s related to enabling backwards com-
patibility support of legacy user equipments with a low-Ila-
tency base station. As illustrated in FIG. §, this can be
addressed by scheduling the resources for the legacy user
equipments only in the DL-1 and UL-2 portions of the low-
latency frame. That 1s, the scheduler 1n the low-latency base
station will not schedule the resources 1n the portions UL-1
and DL-2 for communications with the legacy user equip-
ments (as indicated by the diagonal hashing). Again from the
perspective of the legacy user equipment, the UL-1 and DL-2
portions are simply treated as DL and UL resources sched-
uled for other user equipments and are 1gnored.

However, when the low-latency base station 1s initially
installed, it 1s likely that a great majority of the user equip-
ments 1t serves will be legacy based and very few will be
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low-latency user equipments. This again means that valuable
radio resources will not be fully utilized.

SUMMARY

In one aspect of the disclosed technology, a legacy base
station 1s modified to transmit multiple legacy frames 1n an
interlaced manner. By interlacing the frames of adhering to
the legacy frame structure, valuable radio resources are uti-
lized through eliminating or reducing the blank periods with-
out causing interference with the neighboring or co-located
base stations implementing the low-latency frame structure.
To the legacy user equipments, the interlaced frame appears
as multiple normal legacy frames transmitted from multiple
base stations and/or sectors. That 1s, the interlaced frame
appears as multiple normal legacy frames transmitted from
multiple cells.

In one embodiment, the base station allocates radio
resources for a user equipment in frames of a plurality of
types including first and second frame types. Fach frame
includes a preamble distinguishing the frame from frames of
other frame types. The base station forms the interlaced frame
by interlacing the frames of the plurality of frame types. The
interlacing 1s so that a downlink portion of a frame of one
frame type does not overlap with an uplink portion of a frame
of any other frame type, and an uplink portion of the frame of
the one frame type does not overlap with a downlink portion
of the frame of the any other frame type. The base station
communicates with the user equipment according to the inter-
laced frame. The frames of each type includes information,
e.g., a cell ID, which permits the user equipment to 1dentify
the frames of each type as being associated with different
cells.

Each frame of the first and second frame types includes a
blank period in which no uplink or downlink communications
are scheduled. The frames of the plurality of frame types are
interlaced so that the uplink and downlink portions of a frame
of one frame type overlaps the blank period of a frame of
another frame type so that in the resulting interlaced frame,
the blank period 1s eliminated or reduced significantly. In this
manner, simultaneous uplink and downlink communications
are prevented which in turn preventing interferences while
significantly increasing the use of valuable radio resources.

In addition, the downlink portions of the interlaced frames
are scheduled to prevent overlap with any uplink portions of
a low-latency frame used by a neighboring or co-located
low-latency base station. Similarly, the uplink portions of the
interlaced frames are scheduled to prevent overlap with the
downlink portions of the neighboring low-latency frames
again to prevent interferences. It should be noted that the
downlink and the uplink portions of the interlaced frames can
overlap respectively with the downlink and uplink portions of
the neighboring low-latency frames.

In another embodiment, the low-latency frame 1s modified
to appear as multiple legacy frames to a legacy user equip-
ment. This allows a pure low-latency base station to serve
legacy user equipments without wasting valuable radio
resources. To a low-latency user equipment, the modified
low-latency frames still appear as normal low-latency frames.
In this way, the modified low-latency frames can be used to
serve both legacy and low-latency user equipments concur-
rently by devoting some of the downlink and uplink resources
tor exclusive use by the low-latency user equipment.

In a further embodiment, macro diversity techniques 1s
used to enhance throughput to the user equipment. 11 the user
equipment 1s capable of performing macro diversity func-
tions, 1.€., be 1n communications with multiple cells simulta-
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neously, then the radio resources of the frames of multiple
types of the interlaced frame can be allocated to the user
equipment. As an alternative, macro diversity can be used to
enhance reliability of communication by transmitting the
same data over the frame of multiple frame types.

As yet another alternative, the downlink resource alloca-
tion map ol a frame of one frame type of the interlaced frame
can be used to 1dentily the downlink resources of a frame of
another frame type for the user equipment.

In yet another embodiment, the base station may switch the
user equipment from commumnicating over the frame of one
frame type of the interlaced frame to the frame of another
frame type, 1.e. a normal handoil procedure, e.g., for load
balancing purposes.

Advantages of the embodiments include at least the fol-
lowing. First, valuable radio resources are fully utilized by
interlacing multiple legacy frames. Interlacing multiple
blanked-out legacy frames enables full usage of the available
radio resources 1n areas where the capacity loss introduced by
the blanking out of the frames 1s not tolerable. Second, waste
of radio resources 1s prevented by designing the low-latency
frames to appear as multiple blanked-out legacy frames to a
legacy user equipment. In this manner, all parts of the low-
latency frame can be used for the legacy terminals, and thus,
enable full usage of the available radio resources even when

the legacy user terminals dominate 1n the areas served by the
low-latency base station.

DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages
of the invention will be apparent from the following more
particular description of preferred embodiments as illustrated
in the accompanying drawings in which reference characters
refer to the same parts throughout the various views. The
drawings are not necessarily to scale, emphasis instead being
placed upon illustrating the principles of the invention.

FIG. 1 1llustrates an example structure of a legacy commu-
nication frame;

FIG. 2 illustrates a structure of an example low-latency
communication frame;

FIG. 3 illustrates a problem caused by co-locating low-
latency and legacy base stations;

FIG. 4 illustrates a non-optimum adaptation of the legacy
frame structure to reduce interference with co-located low-
latency base stations;

FIG. 5 illustrates a non-optimum adaptation of the low-
latency frame structure to serve the legacy user equipments;

FIG. 6 1llustrates an embodiment 1n which multiple legacy
frames are transmitted 1n an 1interlaced manner to fully utilize
the radio resources without causing interferences with neigh-
boring base stations implementing the low-latency frame
structure;

FIG. 7 illustrates the perspective of the legacy user equip-
ments of the interlaced legacy frame structure;

FIG. 8 A 1llustrates a modification of the low-latency frame
structure to serve the legacy user equipments;

FIG. 8B 1illustrates a use of the modified low-latency frame
structure to concurrently serve the low-latency and legacy
user equipments;

FIG. 9 1llustrates an example wireless network;

FI1G. 10 1llustrates an embodiment of the base station;

FIG. 11 1llustrates an example method of operating a base
station to serve legacy user equipments 1n a wireless network;

FIG. 12 illustrates an example method to utilize the macro
diversity capacity of the user equipments; and
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FIG. 13 illustrates a method to balance a load on the base
station when interlaced frames are used.

DETAILED DESCRIPTION

In the following description, for purposes of explanation
and not limitation, specific details are set forth such as par-
ticular architectures, interfaces, techniques, etc. in order to
provide a thorough understanding of the present mvention.
However, 1t will be apparent to those skilled 1n the art that the
present invention may be practiced in other embodiments that
depart from these specific details. That 1s, those skilled 1n the
art will be able to devise various arrangements which,
although not explicitly described or shown herein, embody
the principles of the invention and are included within its
spirit and scope.

In some 1nstances, detailed descriptions of well-known
devices, circuits, and methods are omitted so as not to obscure
the description of the present invention with unnecessary
detail. All statements herein reciting principles, aspects, and
embodiments of the ivention, as well as specific examples
thereol, are mtended to encompass both structural and func-
tional equivalents thereof. Additionally, it 1s intended that
such equivalents include both currently known equivalents as
well as equivalents developed in the future, 1.¢., any elements
developed that perform the same function, regardless of struc-
ture.

Thus, for example, 1t will be appreciated by those skilled in
the art that block diagrams herein can represent conceptual
views of illustrative circuitry embodying the principles of the
technology. Similarly, 1t will be appreciated that any flow
charts, state transition diagrams, pseudocode, and the like
represent various processes which may be substantially rep-
resented 1n computer readable medium and so executed by a
computer or processor, whether or not such computer or
processor 1s explicitly shown.

The functions of the various elements including functional
blocks labeled or described as “processors” or “controllers™
may be provided through the use of dedicated hardware as
well as hardware capable of executing software 1n association
with appropnate software. When provided by a processor, the
functions may be provided by a single dedicated processor, by
a single shared processor, or by a plurality of individual
processors, some of which may be shared or distributed.
Moreover, explicit use of the term “processor” or “controller”
should not be construed to refer exclusively to hardware
capable of executing software, and may include, without limi-
tation, digital signal processor (DSP) hardware, read only
memory (ROM) for storing software, random access memory
(RAM), and non-volatile storage.

FI1G. 9 1llustrates an embodiment of a wireless network 900
in which communications between the base station 910 and
the user equipments 920 can be accomplished based on the
interlaced frame structures as discussed. In this figure, the
user equipments 920 are assumed to be legacy user equip-
ments. The base station 910 can either be alegacy base station
modified to use the interlaced frame structure or can be a
low-latency base station using the modified low-latency
frame structure.

FI1G. 10 illustrates an embodiment of the base station 910.
The base station 910 1includes a processing unit 1010, a moni-
toring unit 1020, a communications unit 1030, and a sched-
uling unit 1040. The monitoring unit 1020 is arranged to
monitor the status of the network 900 including the load on
cach of the individual frames of the interlaced frame. The
communication unit 1030 1s arranged to communicate with
the user equipment 920 1n the network. The scheduling unit
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1040 1s arranged to schedule the uplink and downlink
resources for the user equipments 920. The processing unit
1010 1s arranged to control the operations of the various
components of the base station 910 including the monitoring
unit 1020, the communications unit 1030 and the scheduling
unit 1040 to perform the methods as will be described below.

FIG. 11 1illustrates a method of operating the base station
910 1n the network 900 so that the radio resources of the base
station 910 are optimally utilized. In A1110, the base station
910 allocates radio resources for the user equipments 920 1n
frames of a plurality of frame types including first and second
frame types. In one embodiment, the structures of the first and
second frame types are modified versions of the legacy frame
structure to appear as 1f they are from two ditfierent cells.

The structure of each frame type includes a synchroniza-
tion channel serving as a synchronization point for commu-
nication between the user equipments 920 and the base sta-
tion 910. The structure also 1ncludes a cell ID which can be
included in the synchronization channel or 1n other control
channel of the frame structure. The cell ID allows the user
equipments 920 to 1dentily the base station 910 and a particu-
lar sector of the base station 910 11 sectoring 1s used.

Note that for each frame type, the cell ID 1s different. To the
legacy user equipments 920, the frames of the first frame type
appear as legacy frames from a first legacy cell and the frames
of the second frame type appear as legacy frames from a
second legacy cell different from the first legacy cell even
though 1n actuality, the frames are from the same base station
910. The cell ID can be associated with a particular base
station or a combination of the base station and a particular
sector.

In A1120, the base station 910 forms the interlaced frames
by interlacing the frames of the plurality of frame types. The
interlacing 1s such that the downlink portion of a frame of one
frame type does not overlap with an uplink portion of a frame
of any other frame type. Conversely, an uplink portion of the
frame of the one frame type does not overlap with a downlink
portion of the frame of any other frame type. This 1s explained
with reference to FIG. 6, which 1llustrates a legacy base
station 910 that has been modified to transmait the interlaced
frames. For simplicity of explanation, the legacy base station
in FI1G. 6 1s assumed to form interlaced frames from frames of
two frame types—type A and type B—both of which are
modified versions of the legacy frame structure. The frame of
type A 1s referred to as “frame A and the frame of type B 1s
referred to as “frame B” for brevity. As noted, to the legacy
user equipment, frames A appear as legacy frames from cell A
and frames B appear as legacy frames from cell B.

In FIG. 6, the example interlaced {frames are formed by
interlacing frames of type A (e.g., A(n) followed by A(n+1))
with frames of type B (e.g., half of B(m-1) followed by B(m)
followed by half of B(m+1)). As indicated by the arrows
above the legacy base station frames, the preamble and the
downlink and uplink resource allocation maps (e.g., DL-
MAP and UL-MAP) of the frames A 1dentity downlink and
uplink resources of the frames A (solid-line arrows). Like-
wise, the preamble and the maps of the frames B 1dentify the
downlink and uplink resources of the frame Bs (dashed-line
arrows ).

In particular example 1llustrated 1n FIG. 6, the downlink
maps 1dentity downlink resources for the terminal in the same
frame. However, the uplink maps i1dentity uplink resources
for the terminal 1n the next frame. For example, 1n the pre-
amble A and maps of frame A(n), the allocated downlink
resources DL A(n)—which 1s in the same frame—are 1denti-
fied for the legacy user equipment communicating with the
base station over type A frames. However, from frame A(n),
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uplink resources UL A(n+1) of the next frame are 1dentified.
As another example, the allocated uplink resources UL A(n)
in the current frame are 1dentified in the previous frame A(n—
1). One advantage of 1dentifying uplink resources in the next
or any future frame 1s that 1t allows more processing time for
the user equipment from scheduling to transmission.

It should be noted this i1s one of many possibilities. While
not explicitly shown, the uplink maps can identily uplink
resources allocated for the user equipment 1n any other future
frames and 1s not limited to the next frame only. For delay
tolerant transmissions, scheduling uplink transmission from
the user equipment far off into the future may be acceptable.
Of course, a maximum tolerable delay may be set.

Indeed, the uplink maps can identity uplink resources
within the current frame as well. For transmissions that are
less tolerant of delays, scheduling uplink transmaission as
soon as possible would be an advantage. Of course, the user
equipment should have the appropriate processing capability.
Depending on the type of transmission (web browsing, video/
audio streaming, VolP, etc.), different levels of maximum
tolerable delays may be set.

Also while not shown, it 1s to be noted that similar flexibil-
ity 1n allocating resources for downlink transmissions 1s pos-
sible. Again, for delay tolerant transmission (such as FTP
download), scheduling tlexibility may provide opportunities
to more efliciently utilize the network resources. Also, a user
may opt for lower subscription price in exchange for tolerat-
ing greater delays.

Referring back to FIG. 6, when type A and B frames are
interlaced, the order of the interlaced {frame structure 1s as
tollows. First, the preamble (PREAMBLE A) and the down-
link resources (DL-A) of frame A 1s followed by the uplink
resources (UL-B) of frame B, which 1s then followed by the
preamble (PREAMBLE B) and the downlink resources (DL-
B) of the frame B and then the uplink resources (UL-A) of the
frame A. This sequence 1s repeated 1n the interlaced frames.

While the frames A and B overlap 1n time duration, the
DL-As do not overlap with the UL-Bs and the UL-As do not
overlap with the DL-Bs in the interlaced frame. Note that the
modified legacy frames—the frames A and B—also avoid
contlicts with the low-latency frame structure, 1.e., there are
no simultaneous uplink and downlink transmissions between
the legacy base station and the low-latency base station.

As shown 1n FIG. 7, the interlaced frames appear as two
ordinary legacy frames from two different cells A and B. Fach
legacy user equipment will typically listen on one of frames A
and B. Thus, from the perspective of the legacy user equip-
ments, full bandwidth 1s not utilized. However, {from the
perspective of the system, 1.¢. the base station, little to no
capacity 1s lost since frames of all frame types such as frames
A and B are used for communications with the user equip-
ments. The loss 1 terms of overhead for the additional pre-
ambles 1s relatively small. Thus, the interlaced frames can
support close to full downlink data capacity.

For the base station implementing the low-latency frame,
the low-latency frames can be modified to mimic the inter-
laced frames as illustrated in FIG. 8A. As seen, the mini-
frames of the low-latency frames are used so that they appear
to the legacy terminals as legacy frames from two different
cells.

Even though the modified low-latency frame appear as
normal legacy frames to legacy user equipments, to the low-
latency user equipment, the modified low-latency frame
would still adhere to the low-latency frame structure, 1.e.,
appear as normal low-latency frames. This 1s 1llustrated 1n
FIG. 8B. In this figure, mini frames, DL-1, UL-1, DL-2, UL-2

of the modified low-latency frames may in addition contain
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resources for exclusive use for low-latency user equipments
(large dashed-line arrows below the frames). These resources
may be used for low-latency exclusive control signaling e.g.
ol scheduling information and synchronization, and for low-
latency exclusive user data transmission. These low-latency
exclusive resources may be time and/or frequency multi-
plexed with the resources used for legacy terminals. In the
case of the low-latency base station, the scheduling unit
should ensure that the resources allocated to the low-latency

user equipment are not allocated to the legacy user equip-
ments.

Retferring back to FIG. 11, after forming the interlaced
frame, the base station 910 communicates with the user
equipments 920 according to the interlaced frames 1n A1130.
The interlaced frames 1include information to permit the user
equipment 920 to identily frames of the different frame types
where each frame type 1s associated with the different cells.
That 1s, the mterlaced frames include information to identity
frames of the first frame type as being associated with the first
cell and 1dentify frames of the second frame type as being
associated with the second cell, which 1s different from the
first cell.

In one example, the frames of the first and second frame
types adhere to the structure of the legacy 802.16¢ frames
each with different cell IDs, and the interlaced frame 1s
formed by interlacing the frames of the legacy 802.16¢ frame
structures. Each frame of the first and second frame types
includes a blank period 1n between the downlink portion and
the uplink portion so that no uplink and downlink communi-
cations are simultaneously scheduled 1n the interlaced frame.
Referring back to FIG. 6, the blank period for the frame A
corresponds to UL-B and DL-B scheduled for the frame B.
Similarly, the blank period for the frame B corresponds to
UL-A and DL-A scheduled for the frame A. That 1s, the
scheduling unit 1040 performs scheduling such that the
frames A and B are interlaced to form the interlaced frames
where the uplink and downlink resources of the frames A and
B do not interfere with each other.

Again referring to FIG. 6, there are also no simultaneous
uplink and downlink transmissions between the interlaced
frames of the modified legacy base station and the low-la-
tency frames of the low-latency base station. That 1s, the
downlink resources (DL-A, DL-B) of the frames of the first
and second frame types do not overlap with any uplink
resources (UL-1, UL-2) of the low-latency frame used by the
neighboring base station. Similarly, the uplink resources
(UL-A, UL-B) of the first and second frame type frames do
not overlap with any downlink resources (DL-1, DL-2) of the
low-latency frame. However, note that the mmultaneous
uplink or downlink transmissions are allowed. That 1s to say,
the resources DL-A and DL-B are allowed to overlap with
DL-1 and DL-2, and the resources UL-A and UL-B are
allowed to overlap with UL-1 and UL-2.

As noted above and 1llustrated 1n F1G. 8A, the low-latency
frame can be designed to appear as two different legacy
frames from two different cells to the legacy user equipments.
This enables the low-latency base station to serve legacy user
equipments without wasting valuable radio resources. As
shown, the low-latency frame includes a first mini-frame with
a first downlink (DL-1) and uplink (UL-1) portions, and a
second mini-frame with a second downlink (DL-2) and
uplink portions (DL-2). The first downlink portion DL-1
includes a first preamble, a first DL-MAP (downlink resource
allocation map) and a first UL-MAP (uplink resource alloca-
tion map). The second downlink portion DL-2 includes a
second preamble, a second DL-MAP and a second UL-MAP.
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Asindicated by the arrows, the resources identified in these
resource maps are such that the first DL-MAP identifies the
DL-1 resources in the first downlink portion and UL-2
resources 1n the second uplink portion of a future low-latency
frame. Conversely, the second DL-MAP identifies DIL-2
resources DIL-2 in the second downlink portion and UL-1
resources of the first uplink portion of a future low-latency
frame.

But also as noted above and illustrated in FIG. 8B, the
low-latency frame can serve low-latency user equipments 1n
addition to serving the legacy user equipments.

FI1G. 12 illustrates an embodiment of a method to 1mple-
ment A1110 of allocating the radio resources. In A1210, the
base station determines whether the user equipment 1s 1n a
macro diversity connection with the frames of the plurality of
frame types such. For example, the user equipment may be
simultaneous connection with both frames A and B of the
interlaced frame. Note that the user equipment must have the
capability for such a connection. If the user equipment is 1n
the macro diversity connection, the base station allocates the
radio resources so that at least some downlink resources of the
both frames A and B are allocated for the user equipment in
the interlaced frame 1n A1220.

When the user equipment 1s 1n the macro diversity connec-
tion with the frames A and B, then the reliability of commu-
nication can be enhanced with the user equipment by trans-
mitting the data 1n the allocated downlink resources of frame
A and transmitting the same data 1n the allocated downlink
resources of frame B i A1130. Alternatively, throughput
with the user equipment can be increased by transmitting
different data in the allocated downlink resources of the
frames A and B to the user equipment when the user equip-
ment 1s 1 the macro diversity connection.

In one embodiment, downlink resources not only from
DL-A of frame A but also from DL-B of frame B may be
allocated to the same legacy user equipment such as the
legacy terminal A 1n FI1G. 7 without requiring macro diversity
capabilities from terminal A. To allow such allocation of the
DL-B resources based on legacy DL-MAP signaling 1n
DL.-A, the time interval between the start of frame A and the
start of frame B should be an integer number of OFDM
(orthogonal frequency division multiplex) symbols. More
generally, the synchronization point of the frame A and the
synchronization point of the frame B should be apart by an
integer number of OFDM symbols.

Further more, the scheduling unit should ensure that the
same resources in the DL-B are not allocated to both terminal
A and terminal B. This improves the peak downlink rate for
the legacy terminal A and also provides improved trunking,
elficiency system capacity. Similarly both DL-A and DL-B
resources may be allocated to a terminal connected to the
frames A.

As an enhancement, load balancing may be accomplished
by using a handoil procedure. To a legacy user equipment
entering a cell area served by the base station, 1t appears that
there are at least two cells—cell A and cell B—with which the
user equipment can establish a connection. The user equip-
ment randomly chooses one or the other to establish the
connection.

As user equipments enter and leave the cell area, the loads
on the frames can become unbalanced. That 1s, relatively
many user equipments may be connected to the frames A and
relatively few may be connected to the frames B, and/or the
terminals connected to the frames A may generate more trai-
fic than the terminals connected the frames B. FIG. 13 1llus-
trates an example method to address this 1ssue. The method
illustrated in FIG. 13 can be viewed as an example implemen-
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tation of A1120 of FIG. 11. In this method, the base station
determines whether load balancing should be performed 1n
A1310. If so, the base station mitiates handoff procedures in
A1320 so that one or more user equipments are handed off
from the frames of more heavily used frame type (e.g., frames
A) of the interlaced frame to the frames of a less heavily used
frame type (e.g., frame B).

So that frequent handoil procedures do not occur, the hand-
off procedure can be performed only when the load unbalance
1s at or greater than a predetermined threshold. For example,
the load balancing can be performed when a difference
between a number of user equipments connected to the
frames of one frame type and a number of user equipments
connected to the frames of another frame type 1s a predeter-
mined number or greater. In another example, a ratio of the
number of user equipments connected to the frames of one
frame type and to the frames of another frame type can be a
predetermined ratio or greater. Alternatively the load balanc-
ing may be based on some other load measure such as an
amount of data traffic carried, the bit rate requirements of the
active connections, and so on.

Although the description above contains many specifici-
ties, these should not be construed as limiting the scope of the
invention but as merely providing illustrations of some of the
presently preferred embodiments of this mvention. There-
fore, 1t will be appreciated that the scope of the present mven-
tion fully encompasses other embodiments which may
become obvious to those skilled 1n the art, and that the scope
of the present mnvention i1s accordingly not to be limited. All
structural, and functional equivalents to the elements of the
above-described preferred embodiment that are known to
those of ordinary skill 1in the art are expressly incorporated
herein by reference and are intended to be encompassed
hereby. Moreover, 1t 1s not necessary for a device or method to
address each and every problem described herein or sought to
be solved by the present technology, for 1t to be encompassed
hereby. Furthermore, no element, component, or method act
in the present disclosure 1s intended to be dedicated to the
public.

What 1s claimed 1s:

1. A method of operating a base station 1n a wireless net-
work, comprising:

allocating radio resources for a user equipment 1n frames of
a plurality of frame types including a first frame type and
a second frame type, wherein each frame includes a
preamble distinguishing that frame from frames of other
frame types;

forming an interlaced frame by interlacing the frames of
the plurality of frame types so that in the interlaced
frame:

a downlink portion of a frame of the first frame type does
not overlap with an uplink portion of a frame of the
second frame type, and

an uplink portion of the frame of the first frame type does
not overlap with a downlink portion of the frame of the
second frame type; and

communicating with the user equipment according to the
interlaced frame, wherein:

the interlaced frame comprises a plurality of sequences
including a first sequence and a second sequence, each
of the first sequence and the second sequence compris-
ing a downlink portion followed by an uplink portion;

in the first sequence, the downlink portion includes a first
synchronization point and downlink resources corre-
sponding to the first frame type and the uplink portion
includes uplink resources corresponding to the second
frame type; and
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in the second sequence, the downlink portion includes a 7. The method of claim 1, wherein the interlaced frame1s a
second synchronization point and downlink resources low-latency 802.16m frame modified to appear as two differ-
corresponding to the second frame type and the uplink ent 802.16¢ frames from two different cells directed to an
portion includes uplink resources corresponding to the 802.16e user equipment.
first frame type; and 5 8. The method of claim 7, wherein
wherein the interlaced frame includes: the modified low-latency 802.16mirame includes a first
a first cell identifier indicating that one or more frames of mini-frame with a first uplink portion and a first down-
the first frame type are associated with a first cell; and link portion and a second mini-frame with a second
a second cell 1dentifier indicating that one or more frames uplink portion and a second downlink portion;
of the second frame type are associated with a second 10  the first downlink portion and the second uplink portion
cell, wherein the first cell identifier and the second cell correspond to the frame of the first frame type; and
identifier each correspond to a respective base station or the second downlink portion and the first uplink portion
a respective combination of a base station and a sector of correspond to the frame of the second frame type.
the base station. 9. The method of claim 8, wherein
2. The method of claim 1, wherein the first frame type and 15  the first downlink portion includes a first preamble, a first
the second frame type adhere to an 802.16¢ frame structure, DL-MAP, and a first UL-MAP;
and the interlaced frame 1s formed by interlacing frames of the second downlink portion includes a second preamble, a
the first frame type and frames of the second frame type. second DL-MAP, and a second UL-MAP;
3. The method of claim 1, wherein: the first DL-MAP 1dentifies downlink resources for the
the frames of the first and second frame types each include 20 802.16¢ user equipment 1n the first downlink portion of
a blank period in between the downlink portion and the a current 802.16m frame;
uplink portion so that no uplink and downlink commu- the first UL-MAP identifies uplink resources for the
nications are scheduled 1n the blank period; and 802.16¢ user equipment 1n the second uplink portion of
the frames of the first and second frame types are interlaced a first future low-latency 802.16m frame;
so that the uplink and downlink portions of any frame of 25  the second DL-MAP identifies downlink resources for the
the first frame type overlaps a blank period of a frame of 802.16¢e user equipment 1n the second downlink portion
the second frame type, wherein the uplink and downlink of the current 802.16m frame; and
portions of any frame of the second frame type overlaps the second UL-MAP 1dentifies uplink resources for the
a blank period of a frame of the first frame type. 802.16¢ user equipment 1n the first uplink portion of a
4. The method of claim 1, wherein: 30 second future low-latency 802.16m frame.
frames of the first frame type are configured to carry a first 10. The method of claim 7, wherein
preamble, a first DL-MAP, and a first UL-MAP 1n their the modified low-latency frame appears as a normal low-
downlink portion; latency frame to an 802.16m user equipment; and
the first DL-MAP 1dentifies downlink resources allocated the modified low-latency frame includes allocation of
within a current frame of the first frame type; 35 resources for exclusive use by the 802.16m user equip-
the first UL-MAP 1identifies uplink resources allocated ment.
within a future frame of the first frame type; 11. The method of claim 1, wherein allocating the radio
frames of the second frame type are configured to carry a resources Comprises:
second preamble, a second DL-MAP, and a second UL- determining whether the user equipment 1s 1n a macro
MAP 1n their downlink portion; 40 diversity connection with the frames of the first and
the second DL-MAP identifies downlink resources allo- second frame types of the interlaced frame; and
cated within a current frame of the second frame type; allocating the radio resources so that downlink resources of
and the frames of both the first and second frame types are
the second UL-MAP 1dentifies uplink resources allocated allocated for the user equipment 1n the mterlaced frame.
within a future frame of the second frame type. 45 12. The method of claim 11, wherein communicating with
5. The method of claim 1, wherein: the user equipment comprises transmitting same data in the
the downlink portions of the interlaced frame sequences do downlink resources of the frames of both the first and second
not overlap with any uplink portions of a frame of a frame types to the user equipment 1n the macro diversity
low-latency 802.16m frame structure used by a neigh- connection.
boring base station; and 50  13. The method of claim 11, wherein communicating with
the uplink portions of the interlaced frame sequences do the user equipment comprises transmitting different data in
not overlap with any downlink portions of the frame of the downlink resources of the frames of both the first and
the low-latency 802.16m frame structure used by the second frame types to the user equipment in the macro diver-
neighboring base station. s1ty connection.
6. The method of claim 1, wherein 1n the interlaced frame: 55 14. The method of claim 1, wherein allocating the radio
the downlink portion of the frame of the first frame type resources Comprises:
overlaps a downlink portion of a first mini-frame of the allocating downlink resources in the frame of the second
low-latency 802.16m frame; frame type for the user equipment; and
the uplink portion of the frame of the first frame type indicating the allocation 1n a downlink resource allocation
overlaps an uplink portion of a second mini-frame of the 60 map in the frame of the first frame type.
low-latency 802.16m frame; 15. The method of claim 14, wherein a duration between a
the downlink portion of the frame of the second frame type synchronization point of the frame of the first frame type and
overlaps a downlink portion of the second mini-frame of a synchronization point of the frame of the second frame type
the low-latency 802.16m frame; and 1s an 1integer number of orthogonal frequency division multi-
the uplink portion of the frame of the second frame type 65 plex (OFDM) symbols.
overlaps an uplink portion of the first mini-frame of the 16. The method of claim 1, wherein communicating with

low-latency 802.16m frame. the user equipment comprises:
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determining whether load balancing should be performed;

and

handing off the user equipment from the frames of the first

frame type to the frames of the second frame type 1n
response to determiming that load balancing should be
performed.

17. The method of claim 16, wherein 1n the step of deter-
mimng whether the load balancing should be performed, the
determination 1s based on any one or more of:

numbers of user equipments connected to the frames of the

first and second frame types; and

required bit rates of the user equipments connected to the

frames of the first and second frame types.

18. A base station of a wireless network, comprising:

a communication unit configured to transmit information

to one or more user equipments; and

a processor configured to:

allocate radio resources for a first user equipment in frames

of a plurality of frame types including a first frame type
and a second frame type, wherein each frame includes a
preamble distinguishing that frame from frames of other
frame types;

form an interlaced frame by interlacing the frames of the

plurality of frame types so that in the interlaced frame,

a downlink portion of a frame of the first frame type does

not overlap with an uplink portion of a frame of the
second frame type, and

an uplink portion of the frame of the first frame type does

not overlap with a downlink portion of the frame of the
second frame type; and
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communicate, via the communication unit with the user
equipment according to the interlaced frame, wherein:

the interlaced frame comprises a plurality of sequences
including a first sequence and a second sequence, each
of the first sequence and the second sequence compris-
ing a downlink portion followed by an uplink portion,

in the first sequence, the downlink portion includes a first
synchronization point and downlink resources corre-
sponding to the first frame type and the uplink portion
includes uplink resources corresponding to the second
frame type; and

in the second sequence immediately subsequent to the first
sequence, the downlink portion includes a second syn-
chronization point and downlink resources correspond-
ing to the second frame type and the uplink portion
includes uplink resources corresponding to the first
frame type; and

wherein the interlaced frame includes:

a first cell identifier indicating that one or more frames of
the first frame type are associated with a first cell; and

a second cell i1dentifier indicating that one or more
frames of the second frame type are associated with a
second cell, wherein the first cell identifier and the
second cell identifier each correspond to a respective
base station or a respective combination of a base
station and a sector of the base station.

G o e = x
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